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ogy.	We	 then	 used	 survival	 data	 collected	 from	~2,800	duck	 nests	 to	 empirically	


















perimental	 research	 is	 required	 to	 fully	 eliminate	potential	 biases	 in	 the	 timing	of	
vegetation	measurements.
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1  | INTRODUC TION










(Chalfoun	&	 Schmidt,	 2012;	 Clark	 &	 Shutler,	 1999).	 Nevertheless,	
understanding	the	habitat	needs	of	breeding	birds	is	of	paramount	
importance	 in	 the	conservation	and	management	of	 these	species	
(Lebbin,	Parr,	&	Fenwick,	2010).	Researchers	therefore	dedicate	sub‐
stantial	 resources	 to	measuring	nesting	habitat,	 ranging	 from	nest	











could	 obscure	 that	 correlation,	 because	 conditions	 at	 the	 end	 of	
the	season	may	not	reflect	vegetation	density	at	the	time	the	nest	
was	actually	discovered	by	a	predator	(Borgmann	&	Conway,	2015;	





hatching)	 may	 also	 be	 misleading,	 because	 vegetation	 at	 hatched	
nests	developed	over	the	full	period	of	the	nesting	cycle,	whereas	
vegetation	at	depredated	nests	was	measured	at	an	earlier	point	in	
the	 cycle.	 Critically,	 as	 several	 researchers	 have	 recently	 pointed	
out,	measuring	vegetation	on	 the	 fate	date	can	automatically	 lead	





current	 and	 independent	 studies	 demonstrating	 that	 measuring	
vegetation	at	nests	on	their	fate	date	leads	to	inflated	estimates	of	
the	importance	of	vegetation	on	nest	survival	(Figure	2a).	This	bias	
is	 especially	 pronounced	 earlier	 in	 the	 season	when	 vegetation	 is	
growing	rapidly	(McConnell	et	al.,	2017).	In	simulation	models	where	
the	true	effect	of	vegetation	density	on	nest	survival	was	fixed	(neg‐








McConnell	 et	 al.	 (2017)	 advocated	 for	 measuring	 all	 nests	 at	
either	 their	 initiation	 date	 (often	 intractable,	 even	 with	 marked	
birds)	 or	 estimated	hatch	date.	 The	 latter	method	 gives	 the	 vege‐
tation	at	depredated	nests	more	time	to	grow,	and	if	growth	is	pre‐
dictable,	 one	 can	 commensurately	 compare	vegetation	at	hatched	
and	 (previously)	 depredated	 nests.	Gibson	 et	 al.	 (2016)	 suggested	







urophasianus)	 nest	 survival,	 leading	 them	 to	 recommend	 revising	
management	plans	for	this	species	of	conservation	concern.
The	 aforementioned	 studies	 do	 not	 consider	 an	 alternative	
time	for	measuring	nest	vegetation:	when	the	nest	 is	found	by	re‐
searchers.	In	many	study	systems,	measuring	nest	vegetation	at	this	
time	 is	avoided,	so	as	to	 limit	disturbance	to	the	bird.	However,	 in	





to	dissociate	the	timing	of	measurement	from	the	process	of	interest	F I G U R E  1  Mallard	(Anas platyrhynchos)	duckling
















We	 sampled	 the	 literature	 on	 duck	 nesting	 ecology	 to	 determine	





vival”	 returned	363	 results).	 Instead,	we	based	our	 review	around	
the	Robel,	Briggs,	Dayton,	and	Hulbert	(1970)	study	which	described	


















2005).	At	 each	 site,	we	 attempted	 to	 search	 for	 nests	 on	 at	 least	
two	 replicate	 parcels	 of	 upland	 nesting	 cover	 32.4	ha	 in	 size.	We	
conducted	morning	nest	searches	(Gloutney,	Clark,	&	Afton,	1993)	






















bowl	 and	 recorded	 the	 lowest	measurement	marking	 visible	 from	
3.7	m	away	as	viewed	from	0.9	m	above	the	ground.	Markings	were	











date”),	 we	 recorded	 a	 second	 set	 of	 Robel	 measurements—which	





a	40,000	km2	 geography	were	 intractable.	A	nest	was	 considered	
successful	 if	≥1	egg	hatched.	We	assumed	nests	found	abandoned	



























An	 alternative	method	 for	 diagnosing	potential	 bias	 caused	by	
differential	 timing	 of	 measurement	 of	 hatched	 and	 depredated	
nests	 is	 to	 restrict	 comparisons	 to	only	 those	nests	 that	had	con‐
temporaneous	 fate	dates.	We	created	 subsets	of	 nests	 by	 sorting	
them	into	10‐day	bins	based	on	their	fate	dates	(e.g.,	a	bin	of	nests	
fated	between	ordinal	date	151	and	160)	and	reran	our	survival	anal‐
yses	 using	 raw	Robel	measurements	 collected	 at	 fate	 date	 (which	
should	now	be	relatively	unbiased	because	we	are	comparing	nests	
fated	around	the	same	time).	We	selected	10	days	as	a	compromise	


















































2,794	were	 suitable	 for	analysis.	We	 located	nests	of	eight	differ‐
ent	 species:	 gadwall	 (Mareca strepera)	 were	 the	 most	 numerous	
(n	=	769),	 followed	 by	 blue‐winged	 teal	 (Spatula discors; n	=	759),	
mallard	(Anas platyrhychos; n	=	578),	and	northern	shoveler	(Spatula 
clypeata; n	=	237).	We	found	less	than	200	nests	of	northern	pintail	
(Anas acuta),	lesser	scaup	(Aythya affinis),	American	wigeon	(Mareca 




included	combinations	of	variables	 that	 are	well‐known	 to	 influ‐
ence	 nest	 fate:	 species,	 age	 of	 the	 nest	when	 found,	 and	 initia‐























limit	 potential	 bias	 in	 the	 timing	 of	measurement	 between	depre‐
dated	 and	 hatched	 nests.	 For	 each	 date‐year	 bin	 (n	=	12),	 we	 ran	
simple	survival	analyses	with	one	parameter—raw	vegetation	mea‐
surement	 at	 fate	 date—and	 compared	 coefficient	 estimates	 from	
each	 bin	 to	 the	 global	 estimate	which	 pooled	 all	 nests	 (described	







effects	were	not	 evaluated	because	 successful	 nests	were	 rare	 at	
that	time	of	year	(because	they	take	~35	days	to	hatch).
Interestingly,	 despite	 significant	 positive	 trends	 in	 vegetation	
density	across	a	season	(Figure	3),	paired	tests	at	the	nests	showed	








ual	 nests.	When	 the	 difference	 in	 Robel	 measurements	 between	
found	date	and	fate	date	is	included	as	a	candidate	model	in	our	nest	
survival	analyses,	 it	 receives	overwhelming	support	 (AIC	=	7029.2,	
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TA B L E  1  Review	of	studies	that	use	Robel	vegetation	measurements	to	study	duck	breeding	ecology.	Studies	that	do	not	explicitly	relate	
vegetation	to	nest	success	are	noted	by	“N/A.”
Timing of measurement Site measured Effect on nest success Study
Fixed	date Field N/A (Luttschwager,	Higgins,	&	Jenks,	1994)
Fixed	date Field N/A (Greenwood,	Pietruszewski,	&	Crawford,	
1998)
Fixed	date Field N/A (Lapointe,	Giroux,	Belanger,	&	Filion,	2000)
Fixed	date Field N/A (Piest	&	Sowls,	1985)
Fixed	date Field N/A (Shaffer	et	al.,	2006)
Fixed	date Field N/A (West	&	Messmer,	2006)
Fixed	date Field N/A (Bélanger	&	Picard,	1999)
Fixed	date Field N/A (Zicus,	Rave,	Das,	Riggs,	&	Buitenwerf,	
2006)
Fixed	date Field N/A (Carroll,	Arnold,	&	Beam,	2007)
Fixed	date Field N/A (Kantrud,	1993)
Fixed	date Field N/A (Haffele,	Eichholz,	&	Dixon,	2013)
Fixed	date Field N/A (Devries	&	Armstrong,	2011)




Fixed	date Nest No	effect—artificial	nests (Esler	&	Grand,	1993)
Fixed	date Nest No	effect—artificial	nests (Olson	&	Rohwer,	1998)
Fixed	date Nest Positive	effect—artificial	nests (Vander	Lee,	Lutz,	Hansen,	&	Mathews,	
1999)
Fixed	date Nest Positive	effect—artificial	nests (Clawson	&	Rotella,	1998)
Fixed	date Field N/A (Kruse	&	Bowen,	1996)
Found date Nest








Found date Nest No	effect
Fixed	(twice) Field (Bloom,	Howerter,	Emery,	&	Armstrong,	
2013)Found date Nest Positive
Found date Field (Durham	&	Afton,	2003)
Found date Nest Positive	effect
Found date Nest N/A (Loos	&	Rohwer,	2002)
Found date Nest N/A (Ringelman	et	al.,	2017)
Found date Nest N/A (Stephens	et	al.,	2005)
Found date Nest No	effect (Péron,	Walker,	Rotella,	Hines,	&	Nichols,	
2014)
Found date Nest No	effect (Ringelman,	Eadie,	&	Ackerman,	2014)
Found date Nest Positive	effect (Raquel,	Ringelman,	Ackerman,	&	Eadie,	
2015)
Found date Nest Positive	effect (Ringelman	et	al.,	2018)
Found date Nest Negative	effect (Skone,	Rotella,	&	Walker,	2016)
(Continues)






























Measuring	 vegetation	 at	 nests	 that	 are	 terminated	 (either	
hatch	 or	 fail)	 around	 the	 same	 time	 has	 the	 potential	 to	 reduce	
bias,	 but	 rests	 on	 the	 assumption	 that	 vegetation	 does	 not	 ap‐
preciably	 change	 across	 each	 observation	window.	We	 selected	
Timing of measurement Site measured Effect on nest success Study
Fate date Field (Varner,	Bielefeld,	&	Hepp,	2013)
Fate date Nest No	effect
Fate date Nest N/A (Hoekman,	Ball,	&	Fondell,	2002)
Fate date × initiation date 
interaction	term
Nest Positive	effect (Thompson	et	al.,	2012)
Estimated	fate Nest No	effect	on	natural	nests (Koons	&	Rotella,	2003)
TA B L E  1   (Continued)








Parameters K Log likelihood AICc ΔAICc
Baseline	+	raw	
fate	date
11 −3493.3 7008.7 0.0




11 −3517.2 7056.4 47.7
Baseline	+	raw	
found	date
11 −3518.3 7058.7 50.0
Baseline	+	re‐
sidual	fate	date
11 −3518.5 7058.9 50.3
Baseline 10 −3521.4 7062.7 54.1
Residual	found	
date
2 −3537.3 7078.5 69.9
Residual	fate	
date
2 −3538.2 7080.5 71.8
Raw	found	date 2 −3539.2 7082.4 73.8
[null] 1 −3540.9 7083.8 75.2
















Beta estimate for vegetation at fate date








All 150 160 170 180 190 200
2016
2017
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10‐day	 bins	 in	 an	 effort	 to	 meet	 this	 assumption	 while	 achiev‐
ing	 sufficient	 sample	 sizes	 (we	 required	 >50	 nests	 in	 each	 bin).	
Looking	across	all	nests	 in	a	season	 (no	date	binning),	 the	effect	
of	 fate	date	vegetation	was	 reliably	positive	and	possibly	biased	
(Figure	4).	However,	that	positive	effect—similar	in	magnitude	but	
with	 greater	 uncertainty—was	 also	 observed	 in	 some	 date	 bins	
which	should	be	relatively	free	from	any	bias	relating	to	vegetation	





species	 variation	 in	 the	 timing	 of	 nesting,	 nest	 vegetation	 pref‐














the	 intercept	 for	 hatched	 nests.	 In	 this	 case,	measurement	 bias	
increases	later	in	the	nesting	cycle	because	the	two	lines	diverge;	
measuring	at	estimated	hatch	date	would	be	the	most	biased	sce‐
nario	 here,	 and	 residual‐based	 methods	 would	 converge.	 Why	
does	vegetation	at	depredated	nests	become	less	dense	between	
the	found	date	and	the	fate	date?	One	possible	explanation	is	that	






vegetation	 measurement	 may	 decrease	 at	 some	 nest	 sites.	 For	
example,	in	our	prairie	system,	insufficient	moisture,	senescence,	











of	 diverging	 vegetation	 growth,	 comparing	 differences	 in	Robel	
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